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METHOD FOR AUTOMATICALLY LOCATING EYES IN AN IMAGE 

FIELD OF THE INVENTION 

The present invention relates to digital image processing methods 
for automatically locating objects and more particularly to methods of locating 
human eyes. 

BACKGROUND OF THE INVENTION 

In digital image processing it is often useful to detect the areas in 
an image that are human eyes. This information is used for example, to locate 
other features in the image relative to the eyes, or to find the orientation of a 
human face in the image. US Patent 6,072,892 issued June 6, 2000 to Kim 
discloses a method for detecting the position of eyes in a facial image using a 
simple thresholding method on an intensity histogram of the image to find three 
peaks in the histogram representing skin, white of the eye, and pupil. 

One of the problems with this approach is that it needs to scan the 
entire image, pixel by pixel, and position a search window at each pixel that is not 
only unnecessary in consuming enormous computing power, but also it may 
produce a high rate of false positives because of similar histogram patterns that 
occur in places other than eye regions. 

A neural networks method of locating human eyes is disclosed in 
Learning and Example Selection for Object and Pattern Detection, A.I.T.R. No. 
1572, MIT, by Kah-Kay Sung, January, 1996. This method discloses training a 
neural network to recognize eyes with acceptable distortion from a pre-selected 
eye template. The operator repeatedly distorts the original eye template and all 
variations produced from distorting eyes are labeled as either acceptable or 
unacceptable. The distorted samples, i.e., the training images, and the associated 
labeling information are fed to the neural network. This training process is 
repeated until the neural network has achieved satisfactory recognition 
performance for the training images. The trained neural network effectively has 
stored a plurality of possible variations of the eye. Locating an eye is done by 



feeding a region in the image to the neural network for determining if a desired 
output, i.e., a match, occurs; all matches are identified as eyes. 

Although the presently known and utilized methods of identifying 
eyes are satisfactory, they are not without drawbacks. The touch screen method 
5 requires constant human interaction of repeatedly touching the touch screen for 
zooming in on the eye and, as a result, is somewhat labor intensive. Still further, 
the neural network method requires extensive training, and also exhaustive search 
to be performed for all the possible sizes and orientations of the eye. A method 
disclosed by Luo et al. (see US Patent 5,892,837, issued April 6, 1999) improves 

10 the method of locating eyes in an image so as to overcome the above-described 
drawbacks. In Luo's method, the search of the eye position starts with two 
approximate locations provided by the user. In some applications, it is more 
desirable to have completely automatic eye positioning mechanism. 

There is a need therefore for an improved method of utilizing other 

1 5 information embedded in a digital facial image to locate human eyes in a 
completely automatic, yet computationally efficient manner. 

SUMMARY OF THE INVENTION 

The need is met according to the present invention by providing a 
20 digital image processing method for locating human eyes in a digital image, 
including the steps of: detecting a skin colored region in the image; detecting 
human iris color pixels in the skin colored region; forming initial estimates of eye 
positions using the locations of the detected iris color pixels in the skin colored 
region; estimating the size of each eye based on the distance between the 
25 estimated initial eye positions; forming a first search window for one eye, the 
center of the window being the estimated initial position for the one eye and the 
size of the window being proportional to the estimated size of the one eye; and 
employing a template to locate an eye in the first search window. 

30 ADVANTAGES 

The present invention is effective for automatically obtaining eye 
positions in a frontal face image and has the advantage of reducing the region of 
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the image that must be searched, thereby greatly reducing the computation 
required to locate an eye, and reducing the incidence of false positive eye 
detection. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of an image processing system useful 
in practicing the present invention; 

Fig. 2 is a flowchart illustrating the eye detection method of the 
present invention, 

Fig. 3 is an illustration showing the oval region of a human face; 

Fig. 4 is a flowchart presenting iris and noniris pixel intensity 

distributions, 

Fig. 5 is a flowchart illustrating the process of Bayesian iris 

modeling; 

Fig. 6 is an illustration showing the iris color pixel clusters; 

Fig. 7a is a flow chart illustrating the matching procedure used by 
the present invention; 

Fig. 7b is a detailed diagram illustrating the zone-based cross- 
correlation process; 

Fig. 8 is a view of the zone partition of the template of the present 

invention; 

Fig. 9 is an illustration of obtaining estimates of size and 
orientation of the objects, 

Fig. 10 is an illustration of the determination of the search window; 

Fig. 1 1 is an illustration of the paring of eye candidates; 

Fig. 12 is an illustration of the verification procedure for the 
distance between and orientation of the two eyes; 

Fig. 13 is an illustration of matching of the eye-to-eye profile; 

Fig. 14 is an illustration of the scoring function; and 

Fig. 1 5 is an illustration of a symmetry profile. 



DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1, shows an image processing system useful in practicing the 
present invention including a color digital image source 100, such as a film 
scanner, digital camera, or digital image storage device such as a compact disk 
5 drive with a Picture CD. The digital image from the digital image source 100 is 
provided to an image processor 102, such as a programmable personal computer, 
or digital image processing work station such as a Sun Sparc workstation. The 
image processor 102 may be connected to a CRT display 104, an operator 
interface such as a keyboard 106 and a mouse 108. Image processor 102 is also 

10 connected to computer readable storage medium 107. The image processor 102 
transmits processed digital images to an output device 109. Output device 109 
can comprise a hard copy printer, a long-term image storage device, a connection 
to another processor, or an image telecommunication device connected, for 
example, to the Internet. 

1 5 In the following description, a preferred embodiment of the present 

invention will be described as a method. However, in another preferred 
embodiment, the present invention comprises a computer program product for 
detecting human eyes and irises in a digital image in accordance with the method 
described. In describing the present invention, it should be apparent that the 

20 computer program of the present invention can be utilized by any well-known 
computer system, such as the personal computer of the type shown in Fig. 1. 
However, many other types of computer systems can be used to execute the 
computer program of the present invention. Consequently, the computer system 
will not be discussed in further detail herein. 

25 It will be understood that the computer program product of the 

present invention may make use of image manipulation algorithms and processes 
that are well known. Accordingly, the present description will be directed in 
particular to those algorithms and processes forming part of, or cooperating more 
directly with, the method of the present invention. Thus, it will be understood that 

30 the computer program product embodiment of the present invention may embody 
algorithms and processes not specifically shown or described herein that are 
useful for implementation. Such algorithms and processes are conventional and 



within the ordinary skill in such arts. 

Other aspects of such algorithms and systems, and hardware and/or 
software for producing and otherwise processing the images involved or co- 
operating with the computer program product of the present invention, are not 
5 specifically shown or described herein and may be selected from such algorithms, 
systems, hardware, components, and elements known in the art. 

The computer program for performing the method of the present 
invention may be stored in a computer readable storage medium. This medium 
may comprise, for example: magnetic storage media such as a magnetic disk 
10 (such as a hard drive or a floppy disk) or magnetic tape; optical storage media 
*3 such as an optical disc, optical tape, or machine readable bar code; solid state 

j£J electronic storage devices such as random access memory (RAM), or read only 

; H memory (ROM); or any other physical device or medium employed to store a 

'* J computer program. The computer program for performing the method of the 

1:1 

™ 1 5 present invention may also be stored on computer readable storage medium that is 

| 3 connected to the image processor by way of the Internet or other communication 

\ak medium. Those skilled in the art will readily recognize that the equivalent of such 

!~ a computer program product may also be constructed in hardware. 

M Turning now to Fig. 2, the method of the present invention will be 

20 described in greater detail. Fig. 2 is a flow chart illustrating one embodiment of 
the iris color pixel detection method of the present invention. In the embodiment 
shown in Fig. 2, iris color pixel detection 200 is accomplished by first detecting 
skin colored regions in the image and then identifying iris pixels from the skin 
colored regions. 

25 The first step in skin color detection is color histogram equalization 

shown in Fig. 2 as block 201. Color Histogram Equalization block 201 receives 
images to be processed and ensures that the images are in a form that will permit 
skin color detection. This step is made necessary because human skin may take 
on any number of colors in an image because of lighting conditions, flash settings 

30 or other circumstances. This makes it difficult to automatically detect skin in such 
images. In Color Histogram Equalization block 201, a statistical analysis of each 
image is performed. If the mean intensity of any one of the color channels in the 



image is less than a predetermined value, then the color histogram equalization is 
performed on the image. In such cases, if the statistical analysis suggests that the 
image may contain regions of skin that have had their appearance modified by 
lighting conditions, flash settings or other circumstances, then such images are 
5 modified so that skin colored regions can be detected. After the color histogram 
equalization block, the image is searched for skin color regions in skin color 
detection block 202. While it is possible to detect skin in a digital image in a 
number of ways, a preferred method for detecting skin in a digital image is the 
method that is described in commonly assigned and co-pending application Serial 
10 No. 09/692,930. In this method, skin color pixels are separated from other pixels 
? □ by defining a working color space that contains a range of possible skin colors 

5 S collected from a large, well-balanced population of images. A pixel is then 

s F identified as skin color pixel if the pixel has a color that is within the working 

^ j color space. 

15 Skin color detection block 202 identifies a region of skin color 

13 pixels in the image. This region can be defined in a number of ways. In one 

!,£ embodiment, the skin color region is defined by generating a set of pixel locations 

;if identifying the pixels in the image having skin colors. In another embodiment, a 

\.J 

M modified image is generated that contains only skin color pixels. In yet another 

20 embodiment, skin color detection block 202 defines boundaries that confine the 

skin color region in the image. It will be recognized that more than one skin color 
region can be identified in the image. 

Oval region extraction block 204 examines the skin color regions 
detected by the skin color detection block 202 to locate skin color regions that 
25 may be indicative of a face. Because the human face has a roughly oval shape, the 
skin color regions are examined to locate an oval shaped skin color region. When 
an oval shaped skin color region is found, the oval region extraction block 204 
measures the geometric properties of the oval shaped skin color region. The oval 
region extraction block 204 uses these measurements to define parameters that 
30 describe the size of the face and the location of the face within the image. 

Fig. 3 is an illustration of the relationship between the geometric 
parameters used to define an oval shaped skin color region in the image. The 
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geometric parameters are determined by computing the moments of the skin color 
region and using the moments to estimate the ellipse parameters. As is shown in 
Fig. 3, these parameters include Ovaltop 300, Oval_bottom 302, Oval_left 304, 
Oval_right 306, Oval_center_row 308, and Oval_center_column 310. These 
5 parameters are can be used in subsequent processing of the image. It will be 
recognized that the method of the present invention can be practiced using skin 
color detection regions that have shapes that are other than oval and that other 
geometric parameters can be defined in association with such shapes. 

After the oval region extraction has been performed, iris color pixel 
„ & 10 detection block 206 examines the pixels in the oval shaped skin color region to 

*fl detect iris color pixels. In the method of the present invention, iris color pixel 

|ij detection block 206 determines whether a pixel is an iris by measuring the red 

; H intensity of the pixel. Red intensity levels are measured because it has been 

; =J observed that that a human iris has a low red intensity level as compared to human 

1-3 

15 skin which has a relatively high red intensity level. However, the preferred 

'«3 method of the present invention does not use a red level thresholding method to 

Em 

M determine whether a pixel is to be classified as an iris or as a non-iris. 

Instead, in the preferred method of the present invention a pixel is 
M classified as an iris or a non-iris pixel on the basis of a probability analysis. This 

20 probability analysis applies an iris statistical model and a non-iris statistical 

model. The iris statistical model defines the probability that a given pixel is an 
iris pixel based upon the red intensity level of the pixel. Similarly, the non-iris 
statistical model defines the probability that a given pixel is not an iris pixel based 
upon the red intensity level of the pixel. The relationship between these models is 
25 non-linear as is shown by way of example in Fig. 4 which is an illustration of the 
conditional probability 402 that a given pixel is an iris pixel stated as a function of 
a specific red intensity and the conditional probability 404 that a given pixel is a 
non-iris pixel as a function of a specific red intensity I. 

The probability analysis can take many forms. For example, the 
30 probabilities can be combined in various ways with a pixel being classified as an 
iris or not on the basis of the relationship between these probabilities. However, 
in a preferred embodiment, a mathematical construct known as a Bayes model is 
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used to combine the probabilities to produce the conditional probability that a 
pixel having a given red intensity belongs to an iris. 

In this embodiment, the Bayes model is applied as follows: 



pUris I /) = P{l\iris)P{iris) 

V P(l | iris)P(iris) + P(l \ nomris)P{noniris) ' 



where P(iris \ l) is the conditional probability that a given pixel intensity belongs 
to an iris; P(l | iris) is the conditional probability that a given iris pixel has a 
specific intensity I; P(iris) is the probability of the occurrence of an iris in the 
face oval region; P(l \ noniris) is the conditional probability that a given non-iris 
pixel has a specific intensity I; and P(noniris) is the probability of the occurrence 
of a non-iris pixel in the face oval region. The Bayes model further applies the 
probability of the occurrence of an iris in a face oval region and the probability of 
the occurrence of a non-iris pixel in the face oval region. Using a probability 
analysis based on the Bayes model, a pixel is classified as an iris if the conditional 
probability that a pixel having a given red intensity belongs to an iris is greater 
than, for example, 0.05. 

In the embodiment described above, only those pixels in the oval 
shaped skin color region defined by Oval_top 300, Oval_bottom 302, Oval_left 
304, and Oval_right 306 are examined. Confining the pixels to be examined to 
those in the oval shaped skin color region reduces the number of pixels to be 
examined and decreases the likelihood that pixels that are not irises will be 
classified as such. It will be recognized that shapes other than an oval can be used 
to model the human face and that parameters that are appropriate to such shapes 
are used in subsequent processing of the image. 

Further, it will be understood that iris pixels can be detected from a 
skin color region in an image without first detecting an oval or other shaped area. 
In such a case, each pixel of the skin color region is examined to detect iris color 
pixels and parameters defining the skin colored region are used later in the eye 
detection process. 



Fig. 5 shows a flow chart illustrating the processes used in the iris 
color/Bayes model training block 226 of Fig. 2 for developing the statistical 
models used to classify the pixels. This step will be performed before the method 
for detecting irises is used to detect iris pixels. As is shown, a large sample of 
5 frontal face images are collected and examined. All iris pixels and non-iris pixels 
in the face region of each image are then manually identified 502, 504. Next, the 
conditional probability that a given iris pixel has a specific red intensity I, 
P(l | iris) is computed and the probability of the occurrence of an iris in the face 
oval region, P(iris) 506 is computed; then the conditional probability that a given 

10 noniris pixel has a specific red intensity I, P(l \ noniris) is computed and finally 
the probability of the occurrence of a non-iris pixel in the face oval 
region, P{noniris) 508 is computed. The computed statistical models of iris and 
non-iris are used in the Bayes formula to produce the conditional probability that a 
given pixel intensity belongs to an iris, P{iris | /) 510. In application, the Bayes 

1 5 model can be used to generate a look-up table to be used in iris color pixel 
detection block 206. 

The iris color pixel detection block 206 identifies the location of 
the iris color pixels in the image. In some cases, it will be desirable to ensure that 
the iris color pixels that are detected are associated with an eye. This is done by 

20 performing the step of eye detection. Initial estimate of eye position block 214 is 
used to estimate the eye positions. It will be appreciated that there are many ways 
to determine whether an iris pixel is associated with an eye in the image. In one 
preferred embodiment of the present invention, the iris color pixel locations are 
used to facilitate the process of determining whether an iris pixel is associated 

25 with an eye in the image. 

Detected iris color pixels are grouped into clusters 208. A cluster 
is a non-empty set of iris color pixels with the property that any pixel within the 
cluster is also within a predefined distance to another pixel in the cluster. One 
example of a predefined distance is one thirtieth of the digital image height. The 

30 iris color pixel grouping process 208 groups iris color pixels into clusters based 



upon this definition of a cluster. However, it will be understood that pixels may 
be clustered on the basis of other criteria. 

Under certain circumstances, a cluster of pixels may not be valid. 
A cluster may be invalid because, it contains too many iris color pixels or because 
5 the geometric relationship of the pixels in the cluster suggests that the cluster is 
not indicative of an iris. For example, if the height to width ratio is greater than 
2.0, then this cluster is invalid. For another example, if the number of pixels in a 
cluster is greater than 10% of the total pixel numbers in the image, then this 
cluster is invalid. Invalid iris pixel clusters are removed from further 

10 consideration by the method of the present invention. Further iris color pixel 
cluster validating processes are performed in the following steps. 

After the clustering operation, a center for each of the clusters is 
calculated in finding cluster center block 210. The center of a cluster is 
determined as the "center of mass" of the cluster. The center position of the 

15 clusters is calculated with respect to the origin of the image coordinate system. 
The origin of the image coordinate system for a digital image may be defined as 
the upper left comer of the image boundary. Iris color pixel cluster validating 
process continues in block 210. If the vertical coordinate of the cluster center is 
higher than Oval_center_row 308 plus a margin M, then this cluster is invalid and 

20 removed from further consideration. An example value for margin M is 5% of 
(Oval_bottom 302 - Oval _top 300). 

Oval division block 212 uses the oval_center_column 310 
parameter to separate the oval shaped skin color region into a left-half region and 
a right-half region. As is shown in Fig. 6 iris pixel clusters 602 and the center 

25 positions 600 of the iris pixel clusters 602 are positioned in either the left-half or 
right-half regions 604 and 606 separated by the Oval_center_column 310. 

In block 214, the process of forming initial estimates of eye 
positions pairs each cluster in the left-half region with each cluster in the right- 
half region based on the cluster center locations. If the distance between the two 

30 clusters' center in a pair is less than K times the distance between Oval_right 306 
and Ovaljeft 304 and if the vertical distance between two clusters' center in a 
pair is less than N times the distance between Oval top 300 and Oval bottom 302, 



then the center locations of this cluster pair are treated as the initial estimates of 
two eyes. An example value of K is 0.4 and an example value of N is 0.1. The 
process of forming initial estimates of eye positions pairs may find more than one 
pairs of estimates of eye positions which are used in block 216 to locate a final 
eye positions. The process of locating eyes is detailed next. 

Now, referring to Fig. 7a, there is illustrated a flowchart of the 
process of locating eyes. The process is initiated S2 by receiving the location data 
from block 214. The process then determines an estimated size of the eyes S4 by 
the following equation, which is graphically illustrated in Fig. 9 where d is the 
distance in pixels between a pair of initial estimates of eye positions, and s is the 
estimate size, or length, of the eye in pixels. In the present invention, s = d/1.618. 

An estimated angular orientation of the eye is also generated from 
the pair of initial estimates of eye positions S4, as illustrated in Fig. 9. The 
assumption is that the two eyes are aligned and therefore the orientation of each 
eye is approximately the same as the orientation of the line connecting the two 
eyes. This estimated angle, denoted by 6 , is between a line connecting the pair of 
initial estimates of eye positions and a horizontal line through one of initial 
estimates of eye positions, preferably the eye position on the left. 

It is instructive to note that, from this estimated eye size, the 
resolution of the input image is changed so that the eyes in the image have 
approximately the same size as the eye template S6. As shown in Fig. 8, the 
preferred eye template of the present invention includes a resolution of 19 pixels 
horizontally and 13 pixels vertically. This resolution change, or resizing, enables 
the eyes in the images to be matched at the same resolution of a template and 
against the same amount of structural detail, as will be described in detail herein 
below. An alternative is to design a set of templates with different amounts of 
detail and keep the resolution of the image unchanged. Such an alternative design 
is readily accomplished by those skilled in the art. 

Referring back to Fig. 7a, a rectangular-shaped search window is 
formed around one of the initial estimates of eye positions S8; the sides of the 
window are defined as a weighted product of the previously determined estimate 
size of the eye, as illustrated by the following equation that is graphically 



illustrated in Fig. 10: where w is the width in pixels, h is the height in pixels, and s 
is the estimate size of the eye, s = d/1 .61 8. The initial estimate of eye position is 
used as the center of the search window. Alternative designs of the search 
window are readily accomplished by those skilled in the art. 

The cross -correlation between the template and the image is 
computed by sequentially moving the center pixel of the template to each pixel in * 
the defined search window and performing a specific type of zone-based cross- 
correlation at each pixel location for determining the center pixel of the eye S10, 
as will be described in detail below. 

Referring briefly to Fig. 7b, a zone-based cross-correlation S10 is 
initialized SlOa. A template is then retrieved and normalized SlOb, if it is not 
already stored in a normalized state. Referring briefly to Fig. 8, the template is 
preferably generated from sampling a plurality of eyes and relating their 
corresponding pixel values, for example by taking the average values at each pixel 
location. The template is then partitioned into four sub-regions that represent the 
eyelid, iris, and the two corners of the eye. To normalize the template, the 
average pixel value for the entire template image is subtracted from each pixel 
value and the resulting pixel value is divided by the standard deviation of the 
entire template image for obtaining a normalized pixel value. The resulting 
template therefore has a mean value of zero and a unit variance. 

Referring back to Fig. 7b, with the center of the template at the 
pixel location of interest, the zone-based cross-correlation includes, first, 
extracting a block from the image with its center at the current pixel and its 
size/orientation the same as the template SlOc and normalizing the extracted 
image block SlOd. Compute the cross-correlation between each sub-region of the 
extracted block and its counterpart in the template with the pixel of the image at 
the center of the sub-region SlOe, hereinafter referred to as a zone-based 
correlation. If the cross-correlation for each sub-zone meets or exceeds a 
predetermined threshold, preferably 0.5, cross -correlation is performed with the 
entire template to the same image pixels of interest SI Of, hereinafter referred to as 
a complete correlation. If a threshold, preferably 0.7, is again met, the program 
temporarily stores the correlation value and the size/orientation of the template in 



a buffer SlOh. If the cross-correlation for one or more sub-zones fails the 
threshold or the cross -correlation for the entire template fails the threshold, the 
cross-correlation at the pixel of interest is set to "0" and the associated 
size/orientation are set to "N/A M SlOi. The program then continues to next pixel 
location SI 01 for repeating the above-described partitioned and complete cross- 
correlations, if not the last pixel in the window. 

The above-described zone-based correlation and complete 
correlation are repeated by varying the template for a plurality of sizes around the 
estimate size (increasing and decreasing) and a plurality of orientations around the 
estimate orientation (clockwise and counter-clockwise rotation), in order to refine 
the size and orientation of the eye SlOj . Such increasing and decreasing of the 
template size/orientation is readily accomplished by those skilled in the art. This 
refinement involves the same previously described steps, SlOc-SlOi. If one or 
more complete correlation scores at a pixel location of interest result in a value 
above the threshold, the program selects the highest correlation value in the 
temporary buffer and its corresponding template size/orientation used for 
obtaining the highest value and places them in memory SlOk. It facilitates 
understanding to note that the above-described varying of the template size is for 
further refining the estimated size of the eye, and the size/orientation of the best- 
matching template variation in turn indicate the exact size/orientation of the actual 
eye. 

For example, the template size is increased by 10% and decreased 
by 10%. If the highest correlation value is from the 19 x 13 resolution template, the 
estimated size of the eye is not adjusted. If either of the other resolutions produce 
the highest correlation value, the estimated size of the eye is adjusted so that it 
matches the template size producing the highest correlation score. Similarly, the 
template orientation is increased by 10 degrees and decreased by 10 degrees. If 
one or more complete correlation scores at the pixel location of interest result in a 
value above the threshold, the program selects the highest correlation value in the 
temporary buffer and its corresponding template orientation used for obtaining the 
highest value and places it in memory. If the highest correlation value is from the 
template at the original estimated orientation, the estimated orientation of the eye 




is not adjusted. If either of the other orientations produce the highest correlation 
value, the estimated orientation of the eye is adjusted so that it matches the 
template orientation producing the highest correlation value. 

The process then continues to the next pixel location for repeating 
5 the above-described zone-based and complete correlation S101 after the size and 
orientation have been refined for the pixel of interest SI Ok. A search window is 
then defined for the other eye, and the above-describe processes for the first eye 
are then repeated for the pixels within this search window. 

Referring back to Fig. 7a, at this point, the process may select the 

10 pixel at the location containing the highest correlation score in each window S12, 
or continue on to verify the most likely candidates from the plurality of peak 
correlation points in each window as the center pixel of the eye S14-S20. The 
peak points are located as the points having a local maximum complete correlation 
score S14. The locations of these peaks are stored in a buffer SI 6. 

1 5 Referring to Fig. 1 1 , a plurality of verification steps are used. The 

steps involve matching known characteristics about a pair of eyes to all 
combinations of pixels selected during correlation, and a scoring technique is used 
(figures-of-merit) to select the most likely pair of locations for the center of the 
eyes. The first step is to form all combinations of pixels selected as likely 

20 candidates in the two windows SI 8. In other words, each peak pixel from one 

window is paired with all the other peak pixels in the other window, as illustrated 
in Fig. 1 1. The angular orientation is then determined (i.e. the angle between the 
line formed between the two pixels of interest and a horizontal line through one of 
the points, preferably the pixel on the left). If the angular orientation is not within 

25 five degrees of the estimated angular orientation in SlOc, the pair is eliminated as 
possible candidates for the center of both eyes. If it is within five degrees of the 
estimated angular orientation, the pair is stored along with its particular score. 

Also, the distance between the two candidate eyes is determined. 
If the distance is not proportional to the size of the eyes according to the 

30 knowledge of the human faces, the pair is eliminated as possible candidates for the 
center of both eyes. If the proportion is within 20% of the normal proportion, the 
pair is stored along with its particular score. 



Referring to Fig. 1 3, the next step involves taking the pixels along 
a horizontal line through the two pixels in a possible combination. A graph of 
code values versus pixel location for each combination will have a shape as 
illustrated in Fig. 13. If the shape deviates substantially, the pair is eliminated as 
5 possible candidates for the center of the eyes; if it does not substantially deviate, 
the pair is stored along with its particular score. The deviation is preferably 
determined by the ratio of the middle peak point and the average of the two valley 
points, although those skilled in the art can determine other suitable measures of 
the deviation. 

10 Referring to Fig. 15, all combinations are then examined for 

symmetry. This includes taking the distance between all combinations and, at a 
distance halfway between them, looking for symmetry on both sides of the image 
through pixels vertically through this halfway point. The region of interest, which 
contains the face, preferably has a width of twice the distance between the eyes 

1 5 and a height of three times the distance between the eyes. The face region is 

divided into two halves— the left side and the right ride according to the positions 
of the eyes. The symmetry is preferably determined by the correlation between 
the left side and the mirror image of the right side, although those skilled in the art 
can determine other suitable measure of the symmetry. If symmetry exists for the 

20 two sides, the pair and its particular score is again stored; if no symmetry exits, 
the pair is eliminated as a possible pair of candidates. 

Also referring to Fig. 1 5, the image is next examined for the 
existence of a mouth at an estimated position. The process searches for three or 
four parallel lines (edges) within a rectangular box that has a width equal to the 

25 distance between the eyes and at a predetermined distance from the pair of pixels 
being analyzed. This distance is 1 .2 times the distance between the candidate 
pairs, although those skilled in the art may determine other distance values or 
similar criteria. If the lines (edges) exist, the pair and its particular score are 
stored; if not, the pair is eliminated as possible candidates. 

30 The combinations are then examined for proximity of the pixel 

locations to initial input locations. The proximity is measured by distance in 
pixels. If the proximity holds, the pair and their score are stored; if not, the pair is 
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eliminated as possible candidates. The combinations are then examined for 
combined correlation of the two candidates. The combined correlation is the sum 
of the complete correlation scores at the two candidate locations. If the combined 
correlation is above a predetermined threshold, the pair and their score are stored; 
5 if not, the pair is eliminated as possible candidates. The most likely pair is the 
pair that has the highest cumulative scores S20. The final locations of the eyes are 
determined by this pair S22. 

The shape of scoring functions for each above-described figure of 
merit is illustrated in Fig. 14. With this scoring function, even if a combination 
10 fails the threshold of a particular figure of merit, it is assigned a large penalty but 
.'g can still be retained for further consideration. If a figure of merit x is satisfactory 

{;« with respect to the threshold TO, the output of the scoring function, which is the 

«c input to the score accumulator, is close to a normalized maximum value of 1.0. If 

^ x fails the threshold, a increasing amount of penalty is accessed depending on how 

W 1 5 badly x fails. The advantage of using such a scoring function is improved 

1:3 robustness if a candidate barely fails the threshold but turns out to have the highest 

cumulative score. 

The subject matter of the present invention relates to digital image 
,'I understanding technology, which is understood to mean technology that 

20 digitally processes a digital image to recognize and thereby assign 

useful meaning to human understandable objects, attributes or conditions, 
and then to utilize the results obtained in the further processing of 
the digital image. 

The invention has been described with reference to a preferred 
25 embodiment. However, it will be appreciated that variations and modifications can 
be effected by a person of ordinary skill in the art without departing from the 
scope of the invention. 
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image source 
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image processor 
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image display 
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data and command entry device 
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computer readable storage medium 
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data and command control device 
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output device 
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color histogram equalization block 
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skin color detection block 
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oval region extraction block 




206 


iris color pixel detection block 
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208 


group iris pixels into cluster step 


iy 
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find cluster center block 
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oval division block 


rn 


214 


initial estimate of eye position block 
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216 


locate final eye position block 
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Iris color/Bayes Model Training block 
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oval_top 
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oval_bottom 
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ovalleft 
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oval right 
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oval_center_row 
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oval_center_column 
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conditional nrobabilitv that a criven nix el is an iris oixel 
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conditional probability that a given pixel is a non-iris pixel 
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iris pixels 
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non-iris pixels 
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probability of iris pixel in face region 
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probability of non-iris pixel in face region 
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probability a pixel intensity is iris 
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600 


center position 


602 


pixel cluster 


604 


left half region 


606 


right half region 


S2 


initiate process 


S4 


estimate size of eyes 


S6 


eye template 


S8 


form search window 


S10 


determine center pixel of eye 


SlOa 


itialize zone base correlation 


SlOb 


retrieve and normalize template 


SlOc 


extract block 


SlOd 


normalize extracted block 


SlOe 


compute cross correlation 


SlOf 


perform cross correlation with entire template 


SlOh 


store correlation value in buffer 


SlOi 


set cross correlation to zero 


SlOj 


vary template 


SlOk 


select highest correlation value 


S101 


continue 


S12 


select pixel at highest correlation point 


S14 


loral maximum rorrplation 
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S16 


store peak locations in buffer 


S18 


form pixel combinations 


S20 


pair with highest cumulative score 


S22 


final eye locations 



